Representatives of 13 species of Staphylococcus were examined using a small-scale procedure for the sequential extraction of isoprenoid quinones and polar lipids. Menaquinones were the only isoprenoid quinones found in the 77 test strains which were divided into three groups based upon the predominant isoprenologue detected: (i) S. hyicus subsp. hyicus, S. sciuri subsp. Ientus and S. sciuri subsp. sciuri contained unsaturated menaquinones with six isoprene units; (ii) S. capitis, S. cohnii, S. epidermidis, S. haemolyticus, S . hominis, S. hyicus subsp. chromogenes, S. intermedius, S. saprophyticus, S . simulans, S. warneri and S . xylosus contained unsaturated menaquinones with seven isoprene units and (iii) S. aureus contained unsaturated menaquinones with eight isoprene units and varying amounts of the corresponding lower isoprenologue. All of the organisms contained very similar polar lipid patterns consisting of diphosphatidylglycerol, phosphatidylglycerol, /I-gentiobiosyl diacylglycerol and a number of glycolipids and phospholipids. One of the glycolipids was chromatographically indistinguishable from /?-gentiotriosyl diacylglycerol. Lysylphosphatidylglycerol was a major component in S. aureus and S.
OD of cultures was checked after 6 h using two different wavelengths, and when OD,,, reached 2.5 or OD,5, reached 3.5, 6ml of each culture was transferred to 1 litre conical flasks containing 300 ml TSB to give approximately lo8 c.f.u. per 50 mi. Inoculated flasks were shaken in an orbital incubator (150 r.p.m.) at 35 "C for 24 h. The cultures were then checked for purity, killed by the addition of 1 ml formalin (40%, v/v), harvested by centrifugation at 3000 g for 20 min, washed twice with 67 m-Sorenson phosphate buffer at pH 7.0 and freezedried. The remaining S . aureus strains and all of the S. intermedius strains were grown on sheep blood agar (5 %, v/v) at 37 "C for 24 h and kept for 2 d at ambient temperature in daylight; harvested biomass was washed twice with normal saline and freeze-dried.
Extraction of isoprenoid quinones and polar lipids. Isoprenoid quinones and polar lipids were extracted using a recently developed procedure (Minnikin et al., 1984) . Equal volumes (2 ml) of aqueous methanolic NaCl(l0 ml 0-3%, w/v, aqueous NaCl added to 100 ml methanol) and petroleum ether (b.p. 60-80 "C) were added to 100 mg biomass in polytetrafluoroethylene-lined capped tubes and the contents mixed on a tube rotator for 15 min. The tubes were then centrifuged at low speed for 5 min, the upper layer removed and the extraction repeated with 1 ml petroleum ether. The combined extracts were evaporated under nitrogen at about 37°C to provide crude isoprenoid quinones. The residual aqueous layers remaining after isoprenoid quinone extraction were treated Lipids of staphylococci using a modification (Card, 1973; Minnikin et al., 1979 Minnikin et al., ,1984 of the method of Bligh & Dyer (1959) to give a polar lipid extract which was stored at -20 "C.
Analysis of isoprenoid quinones. Crude isoprenoid quinone samples were dissolved in petroleum ether, applied as 0.5 cm bands to 10 x 10 cm pieces of plastic-backed silica gel sheets (Merck 5735), and developed with petroleum ether/acetone (96 :4, v/v) in the first direction and petroleum ether/toluene (50 : 50, v/v) in the second direction. Separated menaquinones were detected with short-wave UV light (254 nm) and menaquinone bands cut out and extracted by shaking with diethyl ether (1 ml) for 15 min. The extraction was repeated with a further 1 ml diethyl ether, the combined extracts passed through a Pasteur pipette plugged with cotton wool prewashed with diethyl ether, the filtrate evaporated to dryness using nitrogen (around 37 "C) and stored in the dark at -20 "C. Purified
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menaquinones were analysed by mass spectroscopy on an AEI MS9 instrument using a direct insertion probe, an ionizing voltage of 70 eV and a temperature range of 170-220 "C, and by reverse-phase TLC (Collins et af., 1980) . Analysis ofpolar lipids. Patterns of polar lipids were obtained by spotting samples onto 6.6 x 6.6 cm pieces of aluminium-backed silica gel sheets (Merck 5554) and developing with chloroform/methanol/water (65 : 25 : 4, by ~01.) in the first direction and chlorofom/acetic acid/methanol/water (80 : 15 : 12 : 4, by vol.) in the second direction. All lipids were detected by spraying with 5% ethanolic molybdophosphoric acid followed by charring at 180 "C. Additional preparations were examined using specific spray reagents for amino groups (0.2% ninhydrin in water-saturated butanol) (Consden & Gordon, 1948) , a-glycols (periodate-Schiff) (Shaw, 1968) , lipid phosphate (Dittmer & Lester, 1964) and sugars (a-naphthol) (Jacin & Mishkin, 1965) .
RESULTS
Compounds that co-chromatographed with vitamin K1 were the only isoprenoid quinones detected by TLC in extracts of the 74 strains. Purification of the menaquinones, using a twodimensional TLC system, was necessary to avoid spurious peaks in mass spectrometry. The most intense peaks in the mass spectra of the purified menaquinones occurred at m/e 187 and 225 and were derived from the naphthoquinone nucleus (Azerad & Cyrot-Pelletier, 1973 ). All of the mass spectra in the high mass region contained strong peaks corresponding to molecular ions (M +) and in some cases smaller peaks at M + -15 corresponded to the loss of a methyl group from the molecular ion. The results of the mass spectral analyses of the menaquinones shown in Tables 2 and 3 , were confirmed by reverse phase TLC.
The strains of S. intermedius contained -unsaturated menaquinones with seven isoprene units as the only component; in contrast the S. aureus strains possessed major amounts of unsaturated menaquinones with eight isoprene units and varying amounts of MK-7 (Table 2) . Some of the S. aureus strains contained approximately equal amounts of MK-7 and MK-8 but only the type Table 2 . Peaks corresponding to molecular wns in the mass spectra of menaquinones isolated from
representatives of Staphylococcus auras (bwtypes A-D) and Staphylococcus intermedius (biotypes E and F)
The main component of each series is denoted by + + + , any component greater than 50% of the main peak by + +, and all other significant components by + . strain had MK-6 as a minor component. Analyses by reverse phase TLC correlated with these mass spectral data. The remaining staphylococci fell into two broad groups on the basis of menaquinone composition. Thus, S. sciuri and S. hyicus subsp. hyicus had major amounts of MK-6, and in the second group MK-7 was the major isoprenologue. It was also possible to distinguish between S. sciuri and S. hyicus subsp. hyicus as only the latter had minor amounts of MK-7.
Similarly, all of the representatives of S. capitis, S . cohnii, S. haemolyticus, S. saprophyticus and S .
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wameri, and all but one of the S. xylosus strains contained MK-7 as the only component whereas S. horninis and strains received as Staphylococcus sp. also had minor amounts of MK-8. Further, all but one of the S. simulans strains possessed small amounts of MK-6, whereas S. epidermidis SCH106 and two of the three strains of S . hyicus subsp. chromogenes contain minor amounts of both MK-6 and MK-8.
The results of the two-dimensional TLC analyses of the polar lipids of representative staphylococci are shown in Fig. 1 ; all 74 strains gave similar polar lipid patterns. The major Lipids of staphylococci 2433 components co-chromatographed with and had the staining properties of diphosphatidylglycerol (DPG), phosphatidylglycerol (PG) and fl-gentiobiosyl diacylglycerol (GI ). Lysylphosphatidylglycerol (LPG) was a major component in all of the coagulase-positive strains and was also present in the coagulase-negative strains but usually in minor amounts. The strains also contained a number of unknown phospholipids (P) and glycolipids (G) (Fig. 1) . The polar glycolipid (G *) (Fig. 1) corresponded in chromatographic behaviour to a /?-gentiotriosyl diacylglycerol from the lipids of Bacillus species, previously observed as an unidentified trace component in the lipids of S. aureus DSM 346 (Fischer et al., 1978) . DISCUSSION It is evident from the present study that qualitative polar lipid analyses are of little value in the subgeneric classification of Staphylococcus as all of the S. aureus, S. capitis, S. cohnii, S. 
1979, 1981).
In contrast, micrococci have a different glycolipid based on mannose but streptococci may also contain a diglycosyl diacylglycerol but with a (1+2)-a-linkage (Shaw, 1975; Lechevalier, 1977) .
The menaquinone data extend and confirm earlier investigations notably that of Collins (1 981) who assigned a small number of staphylococci to three groups on the basis of whether they contained MK-6, MK-7 or MK-8 as the predominant isoprenologue. In the present study, the S. sciuri and S . hyicus subsp. hyicus strains contained major amounts of MK-6, the S . aureus strains major proportions of MK-8 and S. capitis, S. cohnii, S . epidermidis, S. haemolyticus, S. horninis, S. intermedius, S . saprophyticus, S. simulans, S. warneri and S. xylosus had MK-7 as the predominant isoprenologue. The presence of unsaturated menaquinones distinguishes staphylococci from M. luteus and related strains which contain dihydrogenated menaquinones with 
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seven, eight or nine isoprene units (Jeffries et al., 1967b Yamada et al., 1976) . Similarly, staphylococci can be separated from those streptococci that contain major amounts of MK-9 or demethyl-menaquinones with nine isoprene units and from Aerococcus, Gemelia, Leuconostoc, Pedioccrccus and most Streptococcus strains which lack isoprenoid quinones (Collins & Jones, 198 1) . They cannot, however, be distinguished from Bacillus, Sporolactobaciilus and Sporosarcina strains which have MK-7 as the major isoprenologue (Minnikin & Goodfellow, 1981) nor from Streptococcus faecium strains containing major amounts of MK-8 (Collins & Jones, 1981) .
The detection of major amounts of MK-8 and substantial proportions of MK-7 in S. aureus strains is in agreement with previous studies (Cawthome et al., 1967; Jeffries et af., 1967b Jeffries et af., , 1969 Yamada et al., 1976; Collins, 1981) ; some of these workers reported the presence of minor amounts of MK-6, others MK-9. It is known that the relative amounts of such isoprenologues vary between strains . It is possible that the presence or absence of such components is influenced by the growth regime, since in the present study MK-9 was not detected, but traces of MK-6 were found in the S. aureus strain grown on TSB. The presence of only major amounts of MK-7 in the S. intermedius strains distinguishes them from S. autem and provides further support for assigning coagulase-positive staphylococci to two species. Thus, representatives of S. a u r m and S . intermedius have few DNA sequences in common (Meyer & Schleifer, 1978) , can be separated readily from one another and from S. hyicus in numerical phenetic surveys (Hijek & Schindler, 1981 ; Goodfellow et al., 1983) , show differences in wall composition (Schleifer & Kandler, 1972; Hkjek, 1976; Schleifer et a/., 1976) , in the configuration of lactic acid produced from glucose under anaerobic conditions, in esterase pattern and in the occurrence of fructose-l,6-diphosphate-activated L-lactate dehydrogenase (Schleifer et al., 1976) . The inability of Feltham (1979) to separate S . intermedius and S . hyicus strains can probably be attributed to an overreliance placed on biochemical properties in his numerical phenetic study.
The assignment of coagulase-negative staphylococci to two broad groups on the basis of menaquinone composition is in agreement with earlier preliminary studies (Jeffries et al., 1967 (Jeffries et al., b, 1969 Kushwaha & Kates, 1976; Yamada et al., 1976; Collins et al., 1980; Collins, 1981) . It is especially interesting that the two subspecies of S. sciuri are characterized by unsaturated menaquinones with six isoprene units, and that menaquinone data provide some support for the continued recognition of the two subspecies of S. hyicus (Devriese et al., 1978) . However, further studies on additional strains are needed to determine whether menaquinone analysis can be used to distinguish between the two subspecies of S. hyicus; Hhjek & Schindler (1981) considered that the latter merited species status. Additional studies are also needed to see whether coagulase-negative species containing major amounts of MK-7 can be distinguished on the basis of the minor amounts of menaquinones they contain.
The present results are in good agreement with preliminary studies which showed the value of polar lipids and isoprenoid quinones in staphylococcal systematics (Komura et al., 1975 ; Collins & Jones, 1981) . The polar lipid data help underline the homogeneity of the genus Staphylococcus, but further studies are needed to evaluate the full potential of menaquinone analyses in the identification of staphylococcal species. Both the polar lipid and menaquinone results argue against the suggestion (Feltham, 1979) that S . sciuri be moved to a new genus Cellobiosococcus. DNA homology and catalase immunological studies also support the continued recognition of S.
sciuri (Kloos, 1980) . We are indebted to colleagues who kindly provided cultures (Table 1) 
